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Selfquenchingstre-indrifttubeshmzbeen' 
x&erv&bothoptically mdel-n&ally. The 
;strearrefi of 150-200 'um widtil extend out fmn the an& 
hire to 1.5 to 3 mn at atms@exic pressures. Eke 
hmic ln?as urerrents shcwthat pulseswitha rise tine 
,of 5 N reach 30 mv directly into 50 n with a decay 
'tim0f40ns atathoatrmspherepressw. w?a.ils 
lOftheC@rinent+ arediscussed. Tnemwasnodetect- 
able residue on ananodewireafterex&osingitto 

~2x109 SN foralwzcticm. 
i 

Inwtion 

! 1tbasbeentmditiomllyalxept~tbatgase.l~ 
~rmmltiplication goes tbmugfi regions ofimizaticm, 
lnmpxtional, limitedpropxtioml,Geiger, anddis- 

mmifestsitself as adiscontinuz~ fasttransiticn to 
!aselfqw&ing streaner fonrationmd~ac3ntinlr 
~wlyappliedhiqhwltage. Alarge-ent (~rxach- 
'inganillianpwe) ispmduced~tis regionafopera- 
kiml in less than 100 nanoseconds. optical invaeiga- 
itions reval that narrm stre-, 150-200 w thick, 
,are form?dortcqaMltotheano?etith a.lengthde 
~~mappliedwltage,thegas~,mdpres- 

.lllestrearrenqwchthemselvesina~1am- 
~~lledwayprovidingimiformelectronicpulses. me 
~b?ults indicate thattbewidth and tbeheigbtoftixz 
~streaersdeareaseastbegaspre5sureisiricrrased 

Exferimsntal A?cmqmst 

For the mjority of tie ~imsnts, extn&d 
~@minuntutesccntaininqanod~wires of various thick- 
~psswa~wFd. varioi;s mrbirlations of zCgm-2tbane- 
+bylalc&olmixture sex-v& as the drift 'cute gas. 
;scne prem results were obtained using 50 p.srmt 
,argon, 50~&tca-!m,dioxidemixture flaving 
+mqh ethyl alcohol at 00 C. me results we very 
smilartothatobtiedfmmJon-ethmemixture. 
! 

~electmnicarranmtwassimplyeitbera 
+stoscillmcope (Tektronix 485) ora pulseheight 
ardyzer Gtzcmym) for*sw?inq pulsa shape or 
,dk=Cting chaq-2 provided by the self guenching strea~r 
elm. These devices were c?iirectLy CoMRted to 
the anc&wire since tberewa.5 non& forpulse anpli- 
fication. 

E2Terhatal P.Blilts - 

A 12 x l.2mn2 alwri?mt&, 100 ~dia,,eter~ld 
PLatea tungsten wire and 49.3 percent A - 49.3 percent 
C~-1.4per~tM3CHZOHgas~~w~used~or 
de follming results. 

+ratd by Univssities Faeaxh iissociaticm m&r 
~F"tractwiththeUnited5tstes~~tofhPrgy. 

Pig. 1 st@ms the collected d-Large as a fLmctim oi 
~tkhi*wltagsst.arting fmtheprcporationalregim. 
,Ihem.lan&prgce ssslcnsdaYnaswapprcachatotal 
~chKgeOf8XlO electrols duetospacecharge satwa- 
,tion. ReJcpla this vale, adisccmtinuous transition 
-to the Selfquenchingstr~nKde, and thegain 

311~~.~esmuchuore slarly as the highwltage is in- 
creased. For this and the follwinq. a gate width of 
300 - is used for integrating the dmrge. wamd 

$his transitioneither theproportionalstateor the 
'SW state occurswithno intennsdiate pulseheight 
&semable in between as sbaa in Fig. 2a and b. These 
~shartbatthepulse heightdistributimis Gaussian for 
~mmic rays as well as We 5.9 keV line of an Fe'= 
+omcc?. Fig. 2b indicates that-of the large angle 
msmicrwswnp?sducedouble.s~s. 

tiprcbabilityofmltiplestreamers is a function 
ofappliedwltage and the txack angle relative to 
wireaxis. B% For investigating this, a collinnted ml 
a-sourceandatelescopemadefrcmapdrrof tvm small 
thin scintillatorcomteawere used. Fig. 3asbws 
theprobabilityofmltiple stieamrs -ushi~~l- 
tapwhen the sowce anglewas 900 i 5°relativE to 
the anode wire axis. This mall probability of double 
streamsr fomti.cp1mybe due to d-rays and/or a far 
rearilingph0tonneatingane1ectrcsl. unless eleelec 
tric field is sufficiently high, a single electarm 
couldnot prcdceastremx,asex@tifurtt~i.,, 
the pap?=. 

Fig. 3b shaw tbedwbleto single stre- ratio 
as a function of the average track angle with 2.9 kV 
applied to the drift tube. 'IYE ratio is clearly de 
padent cm the size of the drift tube. In this case, 
,itwas12mn,andtheancdewkewas50~unthick. 

rorafurther~~stigationofthepulses,aFET 
~&rdx Kcktmnh P6201) with 3 pf capacitance was used 
'between the wire and the scope as shown in Fig. 4. The 
pulseheightwas rsaxdedas a functionof thelmd 
resistor, R. Fig. 5 shmm that the pulse height goes 
'~limmlymtiltIE FET prci7zbeqin.z saturatinq. me 
shape andtherragnitude of the pulses are seen ix Fig. 
6 with several different load resistors. aiey sbm 
thatapsk carrat of 0.8 nA is provided by the drift 
tube as a CuTrent source. !Che pulse shape is indepa- 
~~tofaofthectolitindicatingthatitiscov- 
~ansdbythenvtion of the electruns and the ~itions 
ofthepasitiveions. The pictures- taken around 
theselfquenchingstre-transiticn,*usbo*the 
limitedp~~~tiomlpulsesand thestreaer 
canbeseeninthepictures. 

PbS 
~ 

Od.lirrated 5.9 k&I x-rays fra" a Fe55 SourcE Of 
ilmwidth were wed for determining the rate capabil- 
iity of the drift tubs for a om%tan5 flu. Fig. 7 
Isham that it is better than 2 x 10 pr scmd pr 
milLtretera&x-qthewire. Duet0 lack of high energy 
test beams, exact rate capability of the drift tube is 
mtkIlownattis+ints. 

Efficiency for ieaching streamr transitionwas 
reaS@ for b&b 5.9 keV ze-rays and minim", 
:kracks. 

ionizinq 
The results a-e sham in Fig. 8a and b. It 

takes casiderably higher fields to reach the requizd 
space charge for rdnimm ionizing tracks. 

1 _I--._-,._~ -__ 3 
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self chpnchins streamers 

Anotherdrifttubeof the typedescribedabcm=was 
~~tmzt&withamnducti~trampxentwindimfor 
dmeminq themltiplicationp-ss cpticallyamund 
tb anak wire. Thewindwisathinsheet9ofmylar 
-ted with a very thin film of In-S" oxide . A four 
stagemagnetically focussedinxqeintensifierttiwas 
used for detFctinqphot"ns etittedby the atals in- 
m1vd in the s- process. The tube *tare*, qates, 
adintensifies the irpage tobe remrdedonphotc- 
agphic film. Image storage cccurs on the first stage 
+sgwx; qatinq is acmrplished by pulsing on the 
electric field of the second stage from its quies- 
CentlyoffstateIlsinqthe ancdewirepulses. The 
*ical qate width was about 1 microseand. Fig. 9 
sharstheexperirrentalarrangerrent. Thephotographsof 
t!! individual e-t5 sha*n in Fig. 10 leave no doubt 
that the first large electronic pulses areprcducedby 
th,sestreanxswhicbsMfrcmthewireandextend 
tarard the cathcdewithalenqth fmnl.5 mntn about 
3mndependinqon the applied wltaqe. Thewidtbof 
the streamrs was rnasur& to !Le he- 150-200 !mL 
lheygmuinthediirectionoftheinitialavalancbe. 
lTh2wi.m mitionis indicated at the sides of the 
piaueg. 

ltbeabvedataandtbefurtberresultswhichwill 
be qiva suggest the follarinq pr&Ible in?chanisn for 
the fo~tionoftbeself~streaners: 

2he avalan*eprocess in thedrifttubewith100 
Jl wires follcms the llw.al. crxqmnential behavior in the 
pcprticnal region as seen in Fig. 1. ?he rate of 
qrwth0ftheavalancfle*1arsdLMlas thevAtaqeex- 
oeeds ZSOOVindicatingthatspacechargesaturati~ 
is felt by the rmltiplyinq electrons. There is a short 
limitedp~~onalregion. Bzyo~dtherreasuxednuv 
her of 8 x 10 electron-ion pairs mtbedensecenter 
of the M clouds, the space-charqe field my be so 
increased that it my negate the applied electric field. 
As aresultl~eel$+ms-are soled: a radiative re- 
,zaltliMtinn Of.4 ande mayoccur, 

f + e- + ** + hv 

Iheenxqydistributionof thesephotonsis ex- 
$EdEdtobe.SCQ*tiIlU~sincetheel-*C.SIl~ 
awide range of energies. mws, the energy is the sun 
ofthekineticenexqyandtheb~enerqyoftha 
alect+cn in that state, 

hv = Ee + CEi - E.J. 

EiandE,areelectranicstates. Therefore,werray 
eqsct sme energetic@wtons reachinqoutside of the 
space chaqe cloti and prcducirr electrons fra" etbane 
(first ionizing ~tential of C+H4 is 11.78 ev.). A 
few of these electrons may read distances of 50-100 Inn 
todriftbxkandmultiply at the tipof the psitive 
icm ane where the field is the hiqbest. Multiplica- 
tionshouldnotoccur around time c&e duetothelow 
field. An artist's view of the phenawna is sham in 
Fig. 11. Of course, if an electra is created far 
r.?nmqh alonq thewire @ossib1e 500 .wn) furthertiti- 
plications couldcxxur,butin this qas mixture such 
e?-.eqetic @wbnE (vanxm UV) do not have that chance 
until the electric field is very large thus the m 
b~tionphoton ntnberis large. Stxemreraction along 
thewirehaWensinGeigercountersdl~toeitherlar 
pressure (l/lOth of abiospheric pressure) or small 
zImlmtcf~&inqqas like 3 percelYcC2"~ Br atatlms- 
phericpressure.5. Qxurenceof GEigcractian (spread 
of theavalan&ealonqthe anodewire) in 3percent 
C$ig Br - 97 pxmt A, but not in 50 wrcat C2HS - 
Mpe-tAisinportantevidencethattheelectrons 

2 

&dwedby~reconbination photcmswhichnediate the 
self-~qstreamersresultfmmicnizingethane 
rmleculeS not argon a- ty the prmess, 

hv + C2& + C2HS+ + *- 

Ihe eledric field at the tip of the streamr gets weaker 
as tbelenytbaf tile s tri?Mrer gets longer Ilonger 
lenqtbofp3sitiveion swarmsharinqthe ChKge density 
distributicm on the cathode). The s- ph~tosraphs 
sha.,thattixyqetthirmras they extend further fran 
the an& (Fiq.10). AsrM.llamuntofnitrogen (2 
Fercentby flew rate) was added to 50 percent A - 50 
psrcentcpg gas mixture with the hope et it would 
increme the naberofphotons detected . It resulted 
inaveryvisih1e SpreadOf the s treamrsasshownin 
Fig. 12. Frequznt orrurrence of the closely spxed 
double s- (Fig. 12a) indicate that the r-ax&in?? 
tionphc&ms are allcw& to penetrate further in this 
qas mixture. Wirepulsescorrespcndingt0theseevent.s 
ha- long tails as shown in Fig.13 . None of the 400 
photosraphs of the &rearers showed anyevidenoe of 
spread along the anode. Therefore, the long tail can 
bee@ainedbylargespacechKgeslwingdcwnthe 
elecbms ks theydriftthmughtk charge cloud. 

mefollcmingexpzrimntspmvidenoreevidence 
that slqm-t the theory above. 

pressure Tests 

Rx the follcwinqexpTjxents, ethylalcoholwas 
exluiedfrcmarqon-&haneqasmixtLlrzti-veone 
W,PZT,P~ti" in,UdXSt&9 the Self gu?nching 

rrechanrsm. zhie requiredlarger size drift 
tubestopreventp~tcpIsreachingthecathodewallsard 
)mc&inq out wall ele-s. Fig. 13 like phenawnon 
ray l2‘xurwhen the ultraviolet photons reach the cathode 
walls andprcducee1ectrans franthewallS. These 
electrons ray drift to the streawr fmntandwntin= 
the multiplication p-s. This is shown in Fig. 12 
thatptices branches. Tnis appears as a transition 
&anstreamztolimitedGeiqer qzeratim. Tnepulse 
widthinthisrrodeisataut2micm-ds. Thetine 
differencebetween the risinqedqe of the streamr 
pulseandt&eappzaranc?zofthelimitedGeiqerp;llse 
is about 60 nmosewnds whi& corrw to an elec- 
trondrifttim?frcmthecatbcdetoth!zanodetiwith 
6mseparation. Thepictwwas taken for ahiqh 
~ltagevaluzaroundtbetrawition. 

2anx2cmsizeatmded al&ull tubes provided 
400-450 volts wide s-r ptiteau for anode wires of 
50-150 pm r3iamter. 

Fiq. 14 shxs hew the full width of the electrcnic 
pulses vary as a fImct.ionof thepressure for 50 per 
antC2Hg - 50 percent Aqas mixture aramd the 
st2reamx transition. It indicates tbattbe*treamTs 
qetshorterasthepressureis increaseddue to absorp 
ticmof I-axAinaticJnphotGns in shorterdistanoe. 
Indeed the photosraphs (Fig. 15) taken at the m-s- 
pcpldingpressure are in fullagreenentwith this. 1.4 
p.xcentethylalc&Awas them added to the qas, and 
tbestreaITzrphotographs- takenattbesam pn?s- 
suzes. Fig.16 indicates '&&the streamr; get 
sharterandthinnerthan thepreviolls case. 

Strearerpulseheiqhtwasrreasured Wross 50 R 
directly) around transition field values (given in Fig. 
17) foe tiiou5 pressures ard an&z wire thicknesses. 



misstuiyindicatedthatloErE/pvallEsare~ 
with thidcer wires. An.e@anation forth&i 

52 
that 

avalan~myberolLingamlndthethinw~s .thlrs 
a substantial fmctim of px.itive,ions are shielded 
km e&l other. mis affects the space dP.rqe satura- 
tbmmsntionde~lierthu3 requiring ahi$xx fizld 
forspacechaqetoqrcwfuthertomkeA ande re- 
cszlbination pssibke. Ihepulseheiqhtsoftk 
United p-xprti0n.d pulses justixlw the transition 
are indicated in Fig. 18. Thisisanotkrmfim- 
tlm forre~qspacecharrjesaturationwith~ler 
avs3and-e spread ammd the arc&s. The ad.snche size 
inthelimitiprqortionalreqionis furtherreduced 
(Fi9. 18) by a 1.4 percent admixture of ethyl almbl 

achieuzd by bdLnq the 
tn~psrcentcH6+50pe-tAgas. zhisis 

gas through cHp12m at o" c. 

Li*t Siqnals 

Id+ e&teed fnm the initial avalanche and the 
stremer deve1-t was further i”VSkiT=ted in estab- 
l.iskrq the tine relation between the emission of pho- 
tam and the wire signal. Fig. 19 shows the experi.- 
sental .32x-t. Adrifttubehavinqatx~t 
win3mwasplacedinadarkkoxwithaspcial@mts- 
mltipliert&e EiammatsuRu94Ux) mntainblga 
miarchannelp1at.e. Transit tine of the phototutewas 
4.2 nanmeca& with a pulse rise tire of 350 pim- 
sex&s. A Tektmnix 485 oscillosccce was suf- 
ficientlya-atetorreasuretimdifferenasbe- 
the M siqnak to 1 nsec in 4 time. Fig. 20 shms 
thepulsesinmincidence. Asseeninthephotcqraph, 
thewire pulses follw the phorotke pukeswell ~pto 
100 ns. lkwire currentcultinues tc flcwuptn170 
m,,*le thephotntuke currentdiminishesarourd12o 
n55~tinq tbatthe el ectJsmsprcd"&atthetip 

trearrer are drifting to the ancde wire. Fosi- 
tivegoinq@ses,which arethe liqhtpulses,havea 
unsiderablywiderdi*triJmtionthan the neqatiw 
gDinqwiEp*es. i'hisisduetothetimst?.mcture 
ofthepdxemsemittedduring the successiw? avalandie 
fondion. *ri~s&pulseswith such structure 
widens the puke heiqht distribution. The tim r&a- 
tion as a furrtion of the gas pressure is sham ki 
Fig. 21. Ihetimdiffemcebeiwxn the trailing 
edgesgetssxmllerasthepressweisincreased Cndi- 
cated inFig. 221 si-mkq thattk heiqhtof theself 
gwd-linq*tEmers is decreased. The--height 
is ammd 2.5 mat one atmxphere pressure,andit 
gmsdmmto0.3mat~atnospheletakingadrift 
tine of 200 -per centimter. 

Life-Tirre Test 

residue cm the& sucfaceorthe c&x&wall. Ihe 
mlI.ir&ed width of the B-souroe was 1 m. Using 0 
argm-zthan~alcoholqasmixtme, a tIka.laf2 x10 Y 
stnmsrs we detected. During this psicd, neither 
au-kraterorpulse shape sha+zdanydetectable 
dlalps. ThevixewasthPn ramvedandexaCnedu-&r 
amicrwcrpe. Zheactivesectionofthewirelcoked 
tfmsareastherest. was novisibledifferenoe. 

mnespmds to 

drifttchanberpulses llmninginthep~~ticslalti. 
Ik lackofmlorchanqeofthewire gives ushope 
thatthewireoxldbe~toatleastanorder 
of Irfqit& mre saTeam% pulseswithoutdeqrz&tion. 

,,. --~ ~~ ~~~~.~.., ,.. ~... .~,~ 
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Fig. 21 Nlwidthofthewire and the phototute 
signals as afmctionofthegaspressure. 

Fig. 2X7 Fllca~Hldthewirepulsesaresuper 
inpxed. Positiwgoiqcmesarethe 

I PhotDtube Pulses. licrimtal scale is 

i. 50 ns/division, vertical scale 20 mv/ 
division. 
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Fig. 22 Orifttimancstrwmerki*tsasafunc- 
'tionofthegasp-sw. 
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